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NormalAbstract Background: Normal values for echocardiographic measurements are widely based on
cohorts from North American populations. Differences have been shown to exist that could be
attributed to racial and ethnic differences.
Objective: To define the normal echocardiographic reference values for various cardiac measure-
ments in young, healthy Egyptian adults.
Methods: This study was performed on 1,364 healthy adults aged 18–35 years. Standard trans-thoracic
echocardiographic studies were performed to obtain end diastole measurements of left ventricular (LV)
posterior wall thickness (PWd), interventricular septum thickness (IVSd), LV internal dimensions at end
diastole (LVEDD) and end systole (LVESD), left atrial (LA) diameter, aortic root diameter and right
ventricular outflow dimension (RVd). LV ejection fraction (LVEF), LVmass and relative wall thickness
were assessed. All measurements were then indexed to body surface area (BSA). Based on our results we
proposed normal reference values for young Egyptian adults.
Results: On comparing subjects according to gender, absolute measurements showed males had signifi-
cantly larger LVEDD, LVESD, IVSd, PWd, LV mass, LA anteroposterior diameter and aortic root
diameter (p<0.0001 for each). LV ejection fraction was higher in females (p=0.008). There was no dif-
ference regarding RVd (p= 0.118). Females had larger indexed LVEDD (p= 0.0003), indexed LA and
aortic root diameters (p=0.0005 and 0.007 respectively) and indexed RVd (p<0.0001). However,
indexed LV mass was larger in males 83.56 ± 20.37 versus 77.76 ± 18.56 g/m2 (p<0.0001). We pro-
posed normal values for absolute and indexed echocardiographic measurements based on our results.
Conclusions: Estimation of local reference values is important to define normalcy. The main difference
from international values was a higher upper reference limit for LV mass especially in females and rela-
tively smaller LA dimensions in young Egyptians.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Society of
Cardiology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).Egypt.
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Echocardiography is the most widely used non-invasive imag-
ing tool for the assessment of heart structure and functions and
remains the gold standard especially with the constant evolu-
tion of new applications and technologies of various echocar-
diographic techniques. This is still valid despite the appearance
of other imaging modalities of the heart.1,2 The number of
echocardiographic studies performed yearly in the United
States, for instance, is estimated to be more than 20 billion
studies.3
Decisions regarding medical, interventional or surgical
management of patients are widely based on the results of
echocardiography on a daily basis for both cardiac and non-
cardiac patients. Therefore, in order to detect abnormalities,
accurate definition of normal values of echocardiographic
measurements is of the utmost importance in order to be a reli-
able guide for decision making.2,4
Normal values for echocardiographic measurements have
been presented in several guidelines and statements. The most
recent was a joint recommendation for chamber quantification
by the European Association of Cardiovascular Imaging
(EACVI) and the American Society of Echocardiography
(ASE) 5 which had been previously endorsed by several soci-
eties, namely the International Alliance Partners of the ASE,
Canadian Society of Echocardiography, Indian Academy of
Echocardiography, Indonesian Society of Echocardiography,
and the Japanese Society of Echocardiography. This was
mostly done after conducting local studies to assess the appli-
cation of such measurements to their respective populations.6
Differences have been shown to exist in some echocardio-
graphic measurements that could be attributed to racial, ethnic
or gender differences.4,6,7The aim of this study was to define the normal echocardio-
graphic reference values for various cardiac measurements of
dimensions and function in young, healthy Egyptian adults.
2. Methods
This study was performed on 1364 healthy adults aged 18–
35 years presenting to four echocardiography units in tertiary
hospitals in Mansoura city, Dakahlia Governorate, Egypt, in
the period from October 2013 to February 2015. Patients were
excluded if they had any congenital or acquired cardiac abnor-
mality, history of long-term regular physical training, any sys-
temic disease (endocrine, collagen, metabolic, nutritional or
infectious), hypertension, diabetes mellitus, chronic kidney dis-
eases, and/or chest disease.
Approval of institutional ethical committee was obtained in
addition to an informed consent from all subjects. Height in
meters and weight in kilograms were measured and used to
estimate body mass index (BMI) in kg/m2 and body surface
area (BSA) in m2. BSA was calculated using the Mosteller for-
mula8, where BSA = square root of ([height in cm  weight in
kg]/3600).
3. Echocardiographic study
Standard trans-thoracic echocardiographic studies with
machine-integrated ECG recording were performed using
Vivid S5 machines with an M3S matrix array probe with a fre-
quency range from 1.7 to 3.2 MHz (GE Vingmed, Horten,
Norway). All studies were done with patients lying in the left
lateral decubitus position and breathing quietly.
A comprehensive echocardiographic study following stan-
dardized protocols5,9 was performed for all subjects and all
Table 2 Baseline echocardiographic measurements.
Absolute measurements
LV end diastolic dimension, mm 47.86 ± 4.3
LV end systolic dimension, mm 30.42 ± 3.7
Posterior wall thickness at end diastole, mm 8.62 ± 1.28
Septal thickness at end diastole, mm 8.71 ± 1.25
LV fractional shortening, % 36.48 ± 4.81
LV ejection fraction, % 69.14 ± 6.83
Left ventricular mass, g 143.08 ± 40.73
Relative wall thickness 0.36 ± 0.046
Left atrial anteroposterior dimension, mm 26.61 ± 3.21
Aortic root dimension, mm 24.59 ± 2.9
Right ventricle outflow diameter, mm 25.24 ± 2.85
Indexed measurements
Indexed LV end diastolic dimension, mm/m2 27.19 ± 2.66
Indexed LV end systolic dimension, mm/m2 17.27 ± 2.09
Indexed posterior wall thickness at end diastole,
mm/m2
4.88 ± 0.65
Indexed septal thickness at end diastole, mm/m2 4.94 ± 0.67
Indexed left ventricular mass, g/m2 80.38 ± 19.61
Indexed left atrial anteroposterior dimension,
mm/m2
15.13 ± 1.99
Indexed aortic root dimension, mm/m2 13.99 ± 1.93
Indexed right ventricle outflow diameter, mm/m2 14.37 ± 1.92
Continuous variables are expressed as mean and standard devia-
tion. LV indicated left ventricle.
Table 3 Correlating body surface area to absolute echocar-
diographic measurements.
Variable (r) p-value
LV end diastolic dimension 0.473 <0.0001
LV end systolic dimension 0.411 <0.0001
Posterior wall thickness at end diastole 0.492 <0.0001
Septal thickness at end diastole 0.425 <0.0001
LV fractional shortening 0.079 <0.0001
LV ejection fraction 0.129 <0.0001
Left ventricular mass 0.562 <0.0001
Relative wall thickness 0.223 <0.0001
Left atrial anteroposterior dimension 0.281 <0.0001
Aortic root dimension 0.21 <0.0001
Right ventricle outflow diameter 0.249 <0.0001
LV indicates left ventricle.
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ited by the European Association of Cardiovascular Imaging.
From the parasternal window, parasternal short axis views
were obtained by placing the transducer in the left third or fourth
intercostal space adjacent to the sternum with the knob pointing
toward the right shoulder. The transducer was then angulated
superiorly and inferiorly to obtain the papillary muscle level.
From the papillary muscle level after confirming a true short axis
view that was perpendicular to the center of the true long axis of
the left ventricle (LV), measurements for the LV posterior wall
thickness at end diastole (PWd), interventricular septum at end
diastole (IVSd), LV internal dimensions at end diastole
(LVEDD) and end systole (LVESD) were obtained. Measure-
ments were made from the leading edge of the septal endo-
cardium to the leading edge of posterior wall endocardium.5
From the parasternal long axis view, anteroposterior left
atrial (LA) diameter was measured perpendicular to the aortic
root long axis, at the level of the aortic sinuses by using the
leading-edge to leading-edge convention at end systole, just
before mitral valve opening representing the maximal LA
volume. In addition, aortic root diameter (at the maximal
diameter of the sinuses of Valsalva) was obtained from the
same view. Sometimes moving the transducer closer to the
sternum was done to allow visualization of a longer portion
of the ascending aorta and again measurements were made
using the leading-edge to leading-edge convention.5
Right ventricular outflow dimension (RVd) was measured
in diastole from the parasternal short axis view from the lead-
ing edge of anterior wall endocardium to the leading edge of
the septal endocardium. Visualization of the RV anterior wall
was optimized by placing the transducer in a high left paraster-
nal position as close as possible to the sternal border.9
LV fractional shorting (FS) was assessed, in addition to,
LV ejection fraction (LVEF) which was assessed using the
Teichholz method.10 LV mass was calculated using the linear
cube method,5 where
LV mass in grams¼ 0:8f1:04 ½ðIVSdþPWdþLVEDDÞ3
LVEDD3g þ 0:6:
Relative wall thickness11 was measured as (2  PWd)/
LVEDD.
All measurements were also divided by BSA to obtain
indexed measurements.
3.1. Determination of reference values
Based on results from this study we proposed normal reference
values for the acquired echocardiographic measurements usingTable 1 Baseline clinical characteristics.
Number 1364
Age (years) 24.5 ± 5
Male gender, n (%) 616 (45.2%)
Weight (kg) 67.2 ± 11.1
Height (m) 1.67 ± 0.08
Body mass index (kg/m2) 24.3 ± 2.9
Body surface area (m2) 1.77 ± 0.18
Continuous variables are expressed as mean and standard devia-
tion, whereas categorical variables are expressed as numbers
(percentage).the mean ± 2 standard deviation rule, which is based on the
assumption that 95% of values of a reference group fall into
this range, in such a way that 2.5% of the time a sample value
will be less than the lower limit of this interval, and 2.5% of the
time it will be larger than the upper limit of this interval, what-
ever the distribution of these values.12
3.2. Statistics
Data were statistically analyzed using IBM SPSS Statistics ver-
sion 23 (IBM corporation, Armonk, NY, USA). Categorical
variables were expressed as number and percentage and ana-
lyzed using chi-square test. Continuous variables were
expressed as mean ± SD and analyzed using Student’s t-test
for variables that passed normality tests and Mann–Whitney
Table 4 Comparing subjects according to gender.
Variable Males (n= 616) Females (n= 748) p-value
Clinical characteristics
Age, years 24.99 ± 5.22 24.16 ± 4.84 0.003
Weight, kg 70.7 ± 11.17 65.62 ± 10.47 <0.0001
Height, m 1.7 ± 0.07 1.64 ± 0.08 <0.0001
Body mass index, kg/m2 24.49 ± 3.09 24.22 ± 2.83 0.346
Body surface area, m2 1.82 ± 0.17 1.73 ± 0.17 <0.0001
Echocardiographic measurements (absolute)
LVEDD, mm 48.81 ± 4.32 47.08 ± 4.14 <0.0001
LVESD, mm 31.19 ± 3.66 29.78 ± 3.61 <0.0001
PWd, mm 8.86 ± 1.21 8.42 ± 1.3 <0.0001
IVSd, mm 8.92 ± 1.14 8.53 ± 1.3 <0.0001
LV fractional shortening, % 36.12 ± 4.81 36.78 ± 4.79 0.0006
LV ejection fraction, % 68.65 ± 6.69 69.55 ± 6.92 0.008
LV mass, grams 152.51 ± 40.3 135.32 ± 39.44 <0.0001
Relative wall thickness 0.36 ± 0.04 0.36 ± 0.05 <0.0001
LA dimension, mm 27.09 ± 3.35 26.22 ± 3.04 <0.0001
Aortic root dimension, mm 25 ± 2.88 24.25 ± 2.87 <0.0001
RV outflow diameter, mm 25.39 ± 2.73 25.12 ± 2.93 0.118
Indexed echocardiographic measurements
Indexed LVEDD, mm/m2 26.96 ± 2.79 27.39 ± 2.53 0.0003
Indexed LVESD, mm/m2 17.21 ± 2.11 17.32 ± 2.08 0.243
Indexed PWd, mm/m2 4.88 ± 0.62 4.89 ± 0.67 0.813
Indexed IVSd, mm/m2 4.92 ± 0.66 4.95 ± 0.68 0.186
Indexed LV mass, g/m2 83.56 ± 20.37 77.76 ± 18.56 <0.0001
Indexed LA, mm/m2 14.96 ± 2.03 15.27 ± 1.95 0.0005
Indexed aortic root, mm/m2 13.83 ± 1.92 14.13 ± 1.92 0.007
Indexed RV, mm/m2 14.04 ± 1.79 14.64 ± 1.98 <0.0001
Continuous variables are expressed as mean and standard deviation. LV indicates left ventricle; LVEDD indicates LV end diastolic dimension;
LVESD indicates LV end systolic dimension; PWd indicates posterior wall thickness at end diastole; IVSd indicates septal wall thickness at end
diastole; LA indicates left atrium; RV indicates right ventricle.
Table 5 Reference values for absolute echocardiographic measurements in Egyptian adults.
Variable General population Males Females
LV end diastolic dimension, mm 39–56.5 40–57.5 39–55.5
LV end systolic dimension, mm 23–38 24–38.5 22.5–37
Posterior wall thickness at end diastole, mm 6–11 6.5–11 6–11
Septal thickness at end diastole, mm 6–11 6.5–11 6–11
LV fractional shortening, % 27–46 26.5–45.5 27–46.5
LV ejection fraction, % 55–83 55–82 56–83
Left ventricular mass, g 61.5–224.5 71–233 56.5–214
Left atrial anteroposterior dimension, mm 20–33 20–34 20–32
Aortic root dimension, mm 19–30 19–31 18.5–30
Right ventricle outflow diameter, mm 19.5–31 20–31 19–31
LV indicates left ventricle.
212 A.M. El Missiri et al.U-test for those that did not pass normality. Correlations were
analyzed using Pearson’s correlation coefficient (r). A proba-
bility value p< 0.05 was considered statistically significant
and a p value < 0.0001 was considered highly significant.
4. Results
4.1. Whole study cohort
Baseline clinical characteristics of the whole cohort are dis-
played in Table 1, while echocardiographic measurements
(both absolute and indexed to BSA) are displayed in
Table 2.A significant positive correlation existed between BSA
and each of LVEDD, LVESD, IVSd, PWd and LV mass.
However, this correlation was weak with each of LA, aortic
root and RV outflow dimensions (Table 3).
4.2. Results according to gender
4.2.1. Clinical features
Males were heavier than females 70.7 ± 11.17 versus 65.62
± 10.47 kg (p< 0.0001), taller than females 1.7 ± 0.07 versus
1.64 ± 0.08 m (p< 0.0001) and consequently had a larger
BSA of 1.82 ± 0.17 versus 1.73 ± 0.17 m2 (p< 0.0001).
However, they showed no difference in BMI (p= 0.346).
Table 6 Reference values for indexed echocardiographic measurements in Egyptian adults.
Variable General population Males Females
Indexed LVEDD, mm/m2 22–32.5 21–32.5 22–32.5
Indexed LVESD, mm/m2 13–21.5 13–21.5 13–21.5
Indexed PWd, mm/m2 3.5–6 3.5–6 3.5–6
Indexed IVSd, mm/m2 3.5–6 3.5–6 3.5–6
Indexed left ventricular mass, g/m2 41–119.5 43–124 40.5–115
Indexed left atrial dimension, mm/m2 11–19 11–19 11–19
Indexed aortic root dimension, mm/m2 10–18 10–17.5 10–18
Indexed RV outflow diameter, mm/m2 10.5–18 10.5–17.5 10.5–18.5
LV indicates left ventricle; LVEDD indicates LV end diastolic dimension; LVESD indicates LV end systolic dimension; PWd indicates posterior
wall thickness at end diastole; IVSd indicates septal wall thickness at end diastole; RV indicates right ventricle.
Table 7 Reference values for absolute echocardiographic measurements in Egyptian adults in comparison to ASE and EACVI
measurements.
Variable Egyptian ASE and EACVI
Males Females Males Females
LVEDD, mm 40–57.5 39–55.5 42–58 38–52
LVESD, mm 24–38.5 22.5–37 25–39 21–35
PW at end diastole, mm 6.5–11 6–11 6–10 6–9
IVS at end diastole, mm 6.5–11 6–11 6 –10 6 –9
LV ejection fraction, % 55–82 56–83 52–72 54–74
Left ventricular mass, g 71–233 56.5–214 88–224 67–162
Indexed LV mass, g/m2 43–124 40.5–115 49–115 43–95
LA anteroposterior, mm 20–34 20–32 30–40 27–38
Aortic root dimension, mm 19–31 18.5–30 20–32 19–27
RV outflow diameter, mm 20–31 19–31 20–30
LV indicates left ventricle; LVEDD indicates LV end diastolic dimension; LVESD indicates LV end systolic dimension; PW indicates posterior
wall thickness; IVS indicates septal wall thickness; LA indicates left atrium; RV indicates right ventricle.
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On comparing absolute echocardiographic measurements in
subjects according to gender, we found that males had signif-
icantly larger LVEDD, LVESD, IVSd, and PWd (p< 0.0001
for each) in addition to a larger LV mass of 152.51 ± 40.3
versus 135.32 ± 39.44 g in females (p< 0.0001). LV ejection
fraction was higher in females 69.55 ± 6.92% versus 68.65
± 6.69% (p= 0.008). In addition, LV fractional shortening
was higher in females 36.78 ± 4.79% versus 36.12 ± 4.81%
(p= 0.0006).
LA anteroposterior diameter and aortic root diameter were
also higher in males (p< 0.0001 for each). However, there was
no difference regarding RV outflow diameter (p= 0.118)
(Table 4).4.2.3. Indexed echocardiographic measurements
On comparing indexed echocardiographic measurements in
subjects according to gender, we found that indexed LVEDD
was significantly larger in females 27.39 ± 2.53 versus 26.96
± 2.79 mm/m2 (p= 0.0003). There was no difference regard-
ing LVESD (p= 0.243), IVSd (p= 0.186), and PWd
(p= 0.813). However, indexed LV mass was larger in males
83.56 ± 20.37 versus 77.76 ± 18.56 g/m2 (p< 0.0001).
Indexed LA and aortic root diameters were higher in
females (p= 0.0005 and 0.007 respectively). In addition,
indexed RV outflow diameter was also larger in females
14.64 ± 1.98 versus 14.04 ± 1.79 mm/m2 (p< 0.0001)
(Table 4).4.3. Reference values for young Egyptian adults based on our
results
Using the widely applied mean ± 2 standard deviation rule,
we propose the following normal values for absolute echocar-
diographic measurements (Table 5) and indexed measurements
(Table 6).
5. Discussion
In the current study, we were able to perform standard
echocardiographic measurements in a large number of young,
healthy Egyptian adults. Both genders were adequately repre-
sented with slightly more females. Generally, reference values
for absolute dimensions and LV mass were slightly higher in
males; on the contrary, LV ejection fraction was slightly higher
in females. On indexing the obtained measurements, references
values were nearly similar for both genders except for a higher
indexed LV mass in male subjects and higher indexed LVEDD
in females.
5.1. Correlating BSA to echocardiographic measurements
This study demonstrated a moderate correlation between body
surface area and all LV dimensions as well as LV mass. This
correlation was weak with left atrial, aortic root and RV out-
flow dimensions. A study examining 7594 pediatric patients with
an age range of 1 day to 19 years found a good correlation
214 A.M. El Missiri et al.between body surface area and LV dimensions, wall thickness
as well as aortic valve dimensions. They concluded that a lin-
ear correlation existed between all echocardiographic measure-
ments and BSA and especially with body length.13 Another
study on 136 subjects aged 20–97 years found that left ventric-
ular mass varied linearly with body surface area.14
5.2. Reference values
Producing normal reference values for dimensions and func-
tions of the heart is very important to avoid misclassification
of normal persons into the high risk category and the reverse.15
Studies have shown that using measurements indexed to BSA
provides more reliable information and this is because sex,
height, weight, and age significantly affect the normal heart
size and accordingly, these parameters need to be considered
when cutoff values indicating the need for treatment or even
surgery are established.16 These changes have also been seen
among difference races and ethnicities which raised the impor-
tance of this study keeping in mind that today’s reference val-
ues are widely based on data from North American cohorts
obtained in the 1970s and 80s.4,6,7,17
We implemented the mean ± 2 standard deviation rule in
producing our reference values which ensures inclusion of
nearly 95% of subjects (from the 2nd to 98th percentiles).
5.3. Absolute echocardiographic measurements
Even today, providing absolute reference values for echocar-
diographic measurements is still valid. This is despite
the well-developed fact that indexing allows comparisons
in subjects with different body sizes and this is because
whether to use height, weight, or BSA as the index remains
controversial.5,18,19
In the current study, it was shown that males generally have
larger LV dimensions, wall thickness and mass, in addition to,
a larger left atrial anteroposterior diameter and aortic root
diameter. This was not the case when it came to measuring
RV outflow diameter which showed no difference across
gender. Females were shown to have a slightly higher LV frac-
tional shortening and ejection fraction.5.4. BSA-indexed echocardiographic measurements
In our study population, there was no gender difference
regarding BMI; however, males generally had a significantly
larger BSA compared to females. This resulted on indexing
echocardiographic measurements that males had larger
indexed LV mass, while females had larger indexed LVEDD,
indexed LA, aortic root and RV outflow diameters. There
was no gender difference regarding indexed LVESD and LV
wall thickness.5.5. Comparing to international reference values
Table 7 displays the proposed Egyptian reference values with
those mentioned in the 2015 recommendations of chamber
quantification of the American Society of Echocardiography
(ASE) and the European Association of Cardiovascular Imag-
ing (EACVI).5 On examining those results head-to-head, wefound that there was no major difference in LV dimensions,
aortic root and RV outflow dimensions. Egyptian females
had a higher upper reference limit of normal (URLN) for
PWd and IVSd, and this was also the case for LV mass and
indexed LV mass. Males also displayed a higher URLN for
indexed LV mass. Egyptians showed a higher URLN for LV
ejection fraction and had relatively smaller upper and lower
reference limits for LA anteroposterior diameter.
6. Study limitations
We obtained the standard practice measurements obtained in
echocardiographic examinations in Egypt; accordingly, we
did not measure LV and LA volumes, and LVEF was esti-
mated by the Teichholz method only. Estimation of tissue
Doppler measurements and RV functions was not performed.
Further studies including other governorates and a wider age
range should be done to be even more representative of the
Egyptian population.
7. Conclusion
Estimation of local reference values is important as they need
to be considered when defining normal so as to be able to
detect abnormalities relevant to our local population. While
racial and ethnic differences exist, the difference from interna-
tional recommendations is not pronounced albeit a higher
upper reference limit for LV mass especially in females and rel-
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